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t571 ABSTRACT 
Three aluminum-lithium alloys are provided for high 
performance aircraft structures and engines. All three 
alloys contain 3 wt % copper, 2 wt % lithium, 1 wt % 
magnesium, and 0.2 wt % zirconium. Alloy 1 has no 
further alloying elements. Alloy 2 has the addition of 1 
wt % iron and 1 wt % nickel. Alloy 3 has the addition 
of 1.6 wt % chronium to the shared alloy composition 
of the three alloys. The balance of the three alloys. 
except for incidentql impurities, is aluminum. These 
alloys have low densities and improved strengths at 
temperatures up to 260" C. for long periods of time. 
6 Claims, 3 Drawing Sheets 
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ELEVATED TEMPERATURE ALUMINUM 
ALLOYS 
ORIGIN OF THE INVENTION 
The invention described herein was made in perfor- 
mance of work under a NASA Contract and is subject 
to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435, 42 USC 2457). 
TECHNICAL FIELD OF THE INVENTION 
This invention relates to aluminum-lithium alloys and 
more particularly to aluminum-lithium alloys suitable 
for high performance aircraft structures and engines. 
BACKGROUND OF THE INVENTION 
High performance aircraft structures and engines are 
often utilized at elevated temperature conditions ap- 
proaching 260" C. Titanium, aluminum, and aluminum- 
lithium alloys are currently used under these conditions. 
Titanium alloys such as Ti-6A1-4V have desirably high 
strengths but have undesirably high densities. Alumi- 
num alloys, on the other hand, have desirably low den- 
sities, but have undesirably low strengths and an unde- 
sirably severe loss of strength at temperatures above 
150" C. Aluminum-lithium alloys do have an attractive 
combination of very low density and high ambient tem- 
perature strength. However, previous work on alumi- 
num-lithium alloys produced by conventional and rapid 
solidification processes has shown significant degrada- 
tion in strength when exposed to temperatures above 
75" C. for periods greater than one hour. 
Accordingly, it is an object of this invention to pro- 
vide aluminum-lithium alloys which have the desirable 
combination of low density and high strength. 
It is a further object of this invention to obtain the 
above object at operating temperatures ranging from 
25" C. to 260" C .  
It is a further object of this invention to accomplish 
the above objects for increased operational periods. 
Other objects and advantages of this invention will 
become apparent hereinafter the specification and 
drawings which follow. 
SUMMARY OF THE INVENTION 
According to the present invention, the foregoing 
and additional and objects are obtained by providing 
three aluminum-lithium alloys, all three of which alloys 
contain 3 wt % copper, 2 wt % lithium, 1 wt % magne- 
sium, and 0.2 wt % zirconium. Alloy 1 has no further 
alloying elements. Alloy 2 has, in addition, 1 wt % iron 
and 1 wt % nickel. Alloy 3 has, in addition, 1.6 wt % 
chromium in the shared alloy composition of the three 
alloys. The balance of the three alloys, except for inci- 
dental impurities, is aluminum. These alloys have low 
densities and improved strengths at temperatures up to 
260" C. for long periods of time. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph of the yield stress versus tempera- 
ture for the three alloys of the present invention of a T6 
temper (solution treated, quenched and aged) and a 
standard aluminum alloy after a one hundred hour ex- 
posure. 
FIG. 2 is a graph of the ultimate tensile strength 
versus temperature for the three alloys of the present 
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invention of a T6 temper and a standard aluminum alloy 
after a one hundred hour exposure. 
FIG. 3 is a graph of the yield stress versus tempera- 
ture for the three alloys of the present invention of a T8 
temper (solution treated, quenched, stretched, and 
aged) and a standard aluminum alloy after a one hun- 
dred hour exposure. 
FIG. 4 is a graph of ultimate tensile strength versus 
temperature for the three alloys of the present invention 
of a T8 temper and a standard aluminum alloy after a 
hundred hour exposure. 
FIG. 5 is a graph of the density normalized yield 
stress versus temperature for the three alloys of the 
present invention of a T6 temper, a standard aluminum 
alloy, a mill annealed Ti-6A1-4V titanium alloy, and a 
solution treated and aged T-6A1-4V titanium alloy after 
a hundred hour exposure. 
FIG. 6 is a graph of the density normalized yield 
stress versus temperature for the three alloys of the 
present invention of a T8 temper, a standard aluminum 
alloy, a mill annealed Ti-6A1-4V titanium alloy, and a 
solution treated and aged T-6A1-4V titanium alloy after 
a hundred hour exposure. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Three aluminum-lithium alloys are provided which 
have low densities and high strengths at temperatures 
ranging from 25" C. to 260" C. for periods of time up to 
100 hours. All three alloys contain 3 wt % copper (Cu), 
2 wt % lithium (Li), 1 wt % magnesium (Mg), and 0.2 
wt % zirconium (Zr). 
Referring now to Table I, the composition of alloy I 
is represented. Alloy 1 has no further alloying elements. 
The balance of alloy 1, except for incidental impurities, 
is aluminum (Al). 
TABLE I 
Element Wt Yo 
cu 
Li 
3.0 
2.0 
40 
Mg 1 .o 
Zr 0.2 
AI Balance (except for 
incidental impurities) 
45 
Referring now to Table 11, the composition of alloy 2 
is represented. Alloy 2 has the addition of 1 wt % iron 
(Fe) and 1 wt 70 nickel (Ni) to the shared alloy compo- 
sition of the three alloys according to the present inven- 
50 tion. The balance of alloy 2, except for incidental impu- 
rities, is Al. 
TABLE I1 
Element Wt % 
55 cu 3.0 
Li 2.0 
Zr 0.2 
Fe 1.0 
Ni 1.0 
AI Balance (except for 
incidental impurities) 
Mg 1.0 
60 
Referring now to Table 111, the composition of alloy 
3 is represented. Alloy 3 has the addition of 1.6 wt % 
65 chromium (Cr) to the shared alloy composition of the 
three alloys according to the present invention. The 
balance of alloy 3, except for incidental impurities, is Al. 
4,86 1,5 5 1 
3 4 
ratios than the standard aluminum alloy for the entire 
range of temperatures from 25" C. to 260" C. Also, the 
three alloys of the present invention have a higher yield 
c u  3.0 stress/density ratio than both specimens for the Ti-6A1- 
5 4V alloy from 25" C. to 150" C. Li 2.0 1.0 
Accordingly, the three alloys of the present invention Mg Zr 0.2 
Cr 1.6 have a desirable combination of low density and high 
AI Balance (except for strength for temperatures ranging from 25" C. to 260" 
C. for periods up to 100 hours. Thus, the present inven- 
10 tion may be utilized in high performance aircraft struc- 
Powders of the three alloys were produced by inert tures and engines requiring elevated temperature ser- 
gas atomization at solidification rates in excess of lo3" vice of 260" C. 
K./s. The powders were then consolidated by cold- Structural members in high-performance aircraft 
pressing, canning, vacuum degassing, vacuum hot- such as supersonic fighters, bombers, and transports 
pressing, and hot extrusion. This rapid solidification 15 must be able to withstand temperatures of at least 150" 
processing allowed segregationless incorporation of the C .  for extended times without a loss in properties. The 
soluble elements CU, Li, and Mg. These soluble de-  three alloys of the present invention are suitable substi- 
ments were added to the aluminum to produce precipi- tutes from heavier conventional titanium alloys and 
tates such as 6' (AkLi), Tl(A12LiC4, and s' (-412- weaker conventional aluminum alloys in these applica- 
CuMg) in solution treated and aged alloys. These Pre- 20 tions. Also, engine-heated structures in high-perfor- 
cipitates resisted coarsening and provide large strength mance aircraft which are normally constructed from 
inCrements after long-the exposure UP to 150" c. Also, conventional titanium alloys may be constructed with 
this rapid salification process with the addition Of either the three alloys of the present invention to obtain 
1 wt % Fe and 1 wt % Ni as in alloy 2 Or 1.6 wt % Cr quate elevated temperature performance of up to 260" 
as in alloy 3 allowed for the production of AlgFeNi or 25 c. with significant structural weight savings. 
A118Cr2Mg3 incoherent dispersoids of sufficiently small 
diameter and homogeneous distribution. These disper- 
soids yielded a substantial amount of additional elevated 
temperature strength and are primarily responsible for 
the improved strength at 260" C. 
the ultimate tensile strengths of the three alloys of the 
TABLE I11 
Wt To Element 
incidental impurities) 
What is claimed is: 
1. based alloy consisting essentially of 
in weight percent: 
30 
Referring now to FIGS. 1-4, the yield stresses and Copper 3.0 
Lithium 2.0 
1 .o Magnesium 
Iron 1 .o 
Nickel 1.0 
Aluminum Balance (except for 
incidental impurities) 
present invention and of a standard 2124 aluminum Zirconium 0.2 
alloy are shown at various temperatures. Each datum 
point was obtained after exposure of a sample to the 35 
particular temperature for 100 hours. In FIGS. 1 and 2, 
the three alloys are of a T-6 temper (solution treated, 
quenched, and aged). In FIGS. 3 and 4, the three alloys 
are of a T-8 temper (solution treated, quenched, which is produced by inert gas atomization at solidifica- 
stretched, and aged). Referring now to FIGS. 1 and 3, 40 tion rates in excess of 103 
the three alloys of the present invention have a signifi- 2. An aluminum based alloy consisting essentially of 
cantly higher yield stress than the standard aluminum 
alloy. 
For example, referring now to FIG. 3, at 150" C. 
alloy 2 has an increase of 200 MPa over the standard 45 
K./S. 
in weight percent; 
Copper 3.0 
Lithium 2.0 
Magnesium 1 .o 
Zirconium 0.2 
Chromium 1.6 
Aluminum Balance (except for 
incidental impurities) 
aluminum alloy. Referring now to FIG. 4, at 150" C. 
alloy 3 has an increase of 190 MPa over the standard 
aluminum alloy. Referring now to FIGS. 1-4, at 260" C. 
all three alloys of the present invention have yield and 
ultimate tensile strengths greater than the standard ah -  50 
minum alloy. 
It should be also noted that all three alloys of the which is produced by inert gas atomization at solidifica- 
present invention have similar yield and ultimate tensile tion rates on excess of lo3 
stresses up to 150" C. From 150" C. to 260" C., alloys 2 3. A high performance aircraft structure requiring 
and 3 have higher yield and ultimate tensile strengths 55 elevated temperature service of 260" C. formed from an 
resulting from the dispersion strengthening discussed aluminum alloy according to claim 2. 
above. 4. A high performance aircraft structure requiring 
Referring now to FIGS. 5 and 6, the yield stress/den- elevated temperature service of 260" C. formed from an 
sity ratio versus temperature for the three alloys and a aluminum alloy according to claim 3. 
standard 2124 aluminum alloy are shown. Also shown 60 5. A high performance aircraft engine component 
are data for both a mill annealed specimen and a soh- requiring elevated temperature service of 260" C. 
tion treated and aged specimen of titanium alloy consist- formed from an aluminum alloy according to claim 2. 
ing of 6 wt % A1 and 4 wt % vanadium. Each datum 6. A high performance aircraft engine component 
point was obtained after exposure of a sample to a par- requiring elevated temperature service of 260" C. 
ticular temperature for 100 hours. The three alloys of 65 formed from an aluminum alloy according to claim 3. 
K./S. 
the present invention have higher yield stress/density * * * * *  
